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RESEARCH MEMORANDUM
for the
Alr Materiel Command, Avrmy Air Forces
HIGH~SFEED WIND-TUNNAL. TESTS OF A MODEL OF THE LOCKHEED
YP-80A ATRFIANE INCLUDING CRRELATION WITH FLIGHT
TESTS AND TESTS OF DIVE-RECOVERY FLATS

By Joseph W. Cleary and Lyle J. Gray
SUMMARY

This report contains the results of tests of a 1/3-scale model
of the Lockheed YR-80A "Shooting Star" airplane and a comparison
of drag, maximum 11ft coefficlent, and elevator angle required for (

Y -

level flight as measured in the wind tunmel and in flight. Included
- in the report are the general serodynamlic characteristlcs of the
model and of two types of dive—recovery flaps, one at seversl posi-
tions along the chord on the lowsr surface of the wing and the other
on the lower surface of the fuselage.

The results show good agrsement between the flight and wind—
tunnel measurements at all Mach numbers. The results indicate that
the YP-80A is controlisble in piltch by the elevators to a Mach number
of st least 0.85. The fuselage dive—recovery Tlaps are effective
for procducing a climbing moment and increasing the drag at Mach
numbers up to at least 0.8. The wing dive—recovery flaps are most
effective for producing a climbing moment at 0.75 Mach mmmber. At
0.85 Mach number, their efPectiveness is approximately 50 percent

of the maximum. The optlmum position for the wing dive-rscovery
flaps to produce a climbing moment is at approximately 35 percent

of the chord.

INTRODUCTION
o At the request of the Air Materiel Commend, U. 8. Army Air Forces,
» high-speed wind—tunnel tests have been conducted of a l/3—sca.le model
of the Lockheed YP~80A "Shooting Star" airplane., The purpose of these
v tests was to furnish longitudinal-—control data at high subsonic Mach

numbers for correlatlion with flight-fest results.
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The YP-80A, as illustrated in figure 1, is a slightly modified
version of the XP-80 airplesne; the modifications include changes in
the duct Inlets, enlerging the center fuselage sectlon, rounding the
tips of the wing and the taill surfaces, extending the leading-edge
fillets, dynamically mass-balsncing the elevator, and increasing the
elevator area. To these changes, together with an improved method
of tummel calibratlon and model support used 1n the present investl-
gatlon, can be ettributed the discrepancies that exist bebween the
results of this test and those of previcus model tests.

This investigation has been conducted over a Mach number range
between 0.3 and 0.85 and a Reynolds number range between L,180,000
and 7,610,000. The Reynolds number range, as illustrated by figure

2, is approximately equivalent to that of the airplone in flight at
0,000 feet altitude.

The tests were condiicted in the Ames 16-foot high—speed wind
tummel, Moffett Field, Calif., and were witnessed by Mr. Frank
Duschik of the Lockheed Ailrcraft Corporation.

SYMBOLS
The symbols used in thls report are defined as follows:

K free—atream velocity, feet per sec_ox_ld

ke

freo-~stream mass density, slugs per cubic foot

a free-stream dynamic pressure (-;»pvz), pounds per square foot

M Mach number

Mo critical Mach number (the frec-stream Mach number at which
the flow over the model first reaches tho local spced of
sound )

R Reynolds number

S wing area, square feot

M.A.C. moan aecrodynemic chord, feet

be elevator span, feet

Ge! alevator mean-square chord aft of hinge linc, sguarc foot
. drag

Ch drog coefficient =

o 11ft cosfficient (LEE

gS

| a3
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PCI‘

ching moment
as M.A.C.

elevator hinge—moment coefficient (e tor hinge & )

increase in drag coefficlent

pitching—moment coefflicient <?it

increase In pitchingemgmant'coefficient
increase in elievator hinge-moment coefficient
angle of attack of the fumelsge reference line, degrees

angle of attack of the fuselage reference line for zero
1if#, degrees

uncorrected angle of attack of the fuselage reference line,
degrees

increase in angle of attack, degrees

elevator angle with reapect to the stabilizer chord,
degrees :

dive—recovery flap angle with respect to the surface
(wing or fuselage) at point of flap attachment, degross

elevator teb angle with respect to the elevator chord,
degrees

stabilizer angle wlth respect to the fusolage reference
line, degrees

increase In stabilizer angle, deogrecs

indicated acceleration of gravity, 32.2 feet per second
per second ’

local static pressure on the model, pounds per square
foot

Froe—atream static pressure, pounds per square foot
prossure coefficiont (EZ%}EE)

critical pressurc coefficient (tho prossurec coefficient
which corresponds to tho local velocity of sound)
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MODEI. AND APPARATUS «

A l/3-scale model of the YP-80A ailrplsno furnished by the
Lockheed Alrcraft Corporation was used to conduct this investi-—
gation, The fuselage was constructod of wood and sheet steol with .
a steel spar and framework. The wing had a maple leading edgo and
an sluminum trailling edge and contained a stesl box spar covored
with mahogany. The horizontal and vertical stabilizors and the con-
trol surfacos were machined from aluminum alloy.

The model was mounted on four S5-percont—thick front struts and
a T-percent—thick rear strut as illustrated by figure 3. The angle
of attack of thse model was varied remotely by vertical motion of tho
rear strut. In order to minimize variations in the tare dreg,
transition was fixed on the support struts at 15 percent of their
chord.

The choking Mach numbor of the wind tunnel with the model
mounted on the strute was ostimated to be 0.87.

Forces and moments gctlng on the model were recorded by mechanl—
cal balancos. Elevator hinge moments wore computed from measurements
of the atrain of a steel cantilever with an electric strain gage. N
Elevator angles weres remotely varied and the elevator positlons were -
measurcd with an autosyn indicator.

Air was brought Iintc the fumselage through inlets on each side
of the fuselage forward of the wing-fuselage Juncture and discharged
et the tall of the model. The rate of alr flow into the ducts was
regulated to simulate high-—speed level-flight conditions by varying
the area of openings In grids within the fuseclage. Moasurements of
total and static pressures at the duct entrance and exit were used
to gvaluate the rate of air flow.

Dive—recovery flaps were tested on the lower surface of the
wing and fuselage as illustrated in figure 4, The wing dive—
recovery flaps had a chord of 1.80 inches (model dimension) and
extended along the span from 21.00 inches to 33.00 inchee from
the model center line.

Two fuselage flaps, each having a chord of 8.75 inches and a
spen of 5.4k inches (model dimensions), were located symmetrically
with reaspect to the fumelage reference line. The flaps conformed
with the fuselege contour when fully retracted. As the flaps were
lowered 809, the hinge line moved from 5.45 percent of the wing—
root chord shead of the lesding edge to 6.26 percent aft of the

leading edge. 3
The complete model consisted of a wing end fuselage with
fillets and ducts, pilot enclosure, and a horizontsl and verticael P

taill with a dorsal fin. Accessories were added, for drag
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camparison purposes, to make the model identical with the airplane
used in the flight testa. These accessaries included an airspeed
boom, & pitch, yaw, and temperature boom, a droppsble fuel—tank
mooring, a standard pltot, and a radio antenna.

The elevator had a constant—radius leeding edge sabout the
hinge line with flat surfaces extending from the hinge line to the
tralling edge. The elevator hinge line was perpendicular to ths
fuselsge reference line and at T5 percent of the chord of the hori-
zontal toil, The gao between the elevator and stabilizer was
unsealed. - .

The principel dimensione of the model were as follows:

Ving
Spall . o _» . . . L . - . . - [ . . [] . . - . . - - 13.00 ft
BTGB v v o o o o o o o o o o o o o o s o e e s - . 26,338 £%
M-A.C- - . - . . . - - - - - ] . [y . - . . - - ) - - M 2-2}'{' f‘b
Dihed-ral . - - - - ] . - . - . - L] - - .‘ Ll L] - ] . - - - 301{'01
Root 86CtIOR « « « = « o ¢ « + « o » o . . NACA.65,-213,8=0.5
Tip section o+ & « « « 4 « = o« o« « +» « « » HACA 65-213,8=0.5

Root incidence e e« b « s & o o B2 v s o 8 e = & = 2 o8 e =

Tip incidence e 4 e e o o = s s e 8 e % e ¢ & 2 e * o -

tip chord 0.280
Tapsr ratio <:root chori)’ e & e s e e e s e n e e e e 3

Horizontal Tail
SPADL &+ v v« « « ¢ o 4 o 4 6 s o e e o s s = 4 4 e e, . D19 FPL
Area (0t8L) & & ¢ v 4 4t e e e e e e e e e e e o . 4.8hagft
Dihedral . . ¢ & ¢ & 4 ¢« 4 4 4 & s 4 4 44 s e e
Section . . ¢ ¢ ¢ ¢« v ¢ 4t d e e 4 e e e

Tncidence . & ¢ v v v i 4 4 v o e e e e e e e e e e e . I%O

- 5 (tip chord )
aper ratio mm e+ .« o a2 e s & e s 4 = 0-308

Tall length (25 percent of the M.A.C. to the slevator
hinge 1ine} . v v v v 4 ¢ « ¢ 4 v v e e e v v« s . 549 Ft



Elevator mesn—eguare chord aft of

Elevator ares aft of hinges iine .

Voertical Tail

Span . ¢ . f v v h e 4 e e e .
Aroa {total) . . . . . . . . .

Soction &« & v 4 c v e e 4 e e e

Incidence . « « + « ¢« &« v & .« &

tip chord
root chord *

Rudder mean—square chord aft of

Tapor retio (

Kuddor arocg aft of hinge llne .
Ducts
Entrancce aroa {both ducts) . .

Exit 81708 « ¢ « ¢« 4 ¢« ¢ ¢ 4 o .

hinge line .

RETUCTION OF DATA

NACA EM No. ATA29

. 0.0577 8q ft

.

0.970 8gq £t

. 2.14 Tt
2.49 aq ft
NACE 65-010
e, 0
. 0.k00

0.106 sq ft

0.583 sq Tt

0.319 sq ft

0.217 8q Tt

Tho Following corrcctions have boon applicd to tho data to
componsato for tunnel-well offocts according to, tho method of

raeforonco 1:

A = 1.040 Cp,
ACp = 0.0181 ;2
20 = ~0,497 ¢y, (

dogroes

W
e

A corroctlion for flow inclination calculatcd from thoe shift in
tho angle of zoro 1lift obtainoed from data with the modol eroct and
invertod has been applied to theo anglo—of—attack and drag—coefficlont

ta as follows:

ats 0.2°

0.0035

4

ol D

‘L

In order to calibrato the wind tunnel, tho dynmam!c prossuro end
Mach number weore svaluatod by measurcmonta in thoe tost section with
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the struts in place. The measurements were made by the method
described in reference 2 through the use of long booms incorporsting
static—pressure orifices and extending well forward of a transverse
alrfoil which supported them. Local Mach numbers were campubed
from the stabtic-pressure readings. The wind—tunnel calibration was
taken as the average of the local Mach mumbers corrected for con—
striction due to the model according to the method of reference 2.

Corrections for tare forces and moments of the strubts have
been applied to the force and moment data. These tares were
evaluated by combining the separste effects from tests mades with
and without the upper and lowsr front struts and the rear strut.
Because of strength limitatlons of the front struts when in com—
pression, complets tare data were not obtained at high Mach
numbers. Extrapolations of the tare data were made when necessary.
Consequently, the precision of the high-speed data is not known
with certainty for the entire 1ift range. Complete tare data were
obtained in the region of zerc 1ift at all Mach numbers.

Unless otherwise noted, all pltching-moment data have been
computed about a point on the fusslage reference line sbove a point
at 25 percent of the mean aesrodynamic chord.

DISCUSSION OF RESULTS
Aerodynamic Characteristics

The 1ift, drag, and pitching-moment relationships for the model
ere 1llustrated in figures 5 to 12. The minimm drag coefficient as
shown by figure 5, which excludes the Intermsl duct drag, 1s 0.0115
at 0.30 Mach number. At low 1lift coefficients between Mach numbers
of 0.30 and 0.76, the drag characteristics remain ossentially un—
changed. As the Mach number increases above 0.76 there is a rapid
rise in drag coefficient as shown in figure 8. A comparison of the
drag coefficlent for the airplane as measurced in flight and for the
complete model with accessories as measured In the wind tunnel is
presented in figure 9 Tor the flight-test 1ift coeffiscienta. The
agreement of the flight and the wind—tunnel data is excellent at all
Mach numbers of the test. The close agrcement between the low—speed
data may be partly fortultous considering thet the flight-tomst drag
was computed from the thrust (the predominate force at low specd)
taken from an engine calibration chart. The drag data st high Mach
numbers are on a better basis for comparison because the flight—test
drag weas" computed principally from gravitational components, Jet
thrust being of secondary lmportance. The flight results are takon
from date previously issued in preliminary form. Refinements in
calibration of the flight—test instruments have becn made since the
data were first lgsued.
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The eff'ect of Mach number on lift coefficioent, as prescnted in .
figure 10, showe an incroasc in 1ift coofficlont for a glven anglc
of attack with increasing Mach numbor until the Mach numbor of 1ift
divergence is reoached, followed by a repld docrease in 1ift
coofficient. Also shown fis a curve of maximm 1ift coocfficient for
tho model trimmed for zero pitching moment and for the alrplans as
moasured in flight. (Seo roference 3.) Bocause of tho large 1ift
loads acting on the model at high Mach numbors at the maximum 1ift
coefficient (approximately 14,000 1b), tho modol was mountod on
two vertical S5-percont-thick struts having greater strongth than
tho four struts used durlng the romainder of the teost. The agrco—
mont botween the £light and wind—tumme. data is zood for Mach
numbors above 0.50 where the effect of Reynolds numbor l1ls small.

At low spced wheore scale offects prodominate, larger maximum 11ft
coofflcients are oxpectod for the full-scale airplanc then for tho
modol.

Theo 1lift curves for the model Incroasc in slopo with incroas—

ing Mach numbeor at s lowor yate than the ==a%E§ incroasc

i -
prodicted by Glaunort's theory,; as shown in figuroe 11. The Mach .
numbor of 1ift divergence 1s approximetoly 0.77, at zero 1ift “
coofficient and it 1s followed by a sudden dcecresss 1in lifi—curve
slopo. The angic of attack for zoro 1ift for the model remains "

unchangecd at -1.5° until the Mach numbor of 1ift divorgonce is .
roachod, abovo which it repidly increases toc a prosltivo value.

Theso changes In the 1ift charactoristice at high Mach numbors
produce changos in the static longitudinal-stability and ~control
charactoristics. Figurc 12 prosonts tho pitching-momont charactor—
istice for the modol with and without the tall for scveral 1lift
coofficionts. Whon no change in clovator anglo was assumed, a
diving tondency would be reached at approximately 0.77 Mach numbor,
and this tendency would become more seovoro as tho Mach number is
incroasod. Assoclatod with this diving tondoncy is an incroase in
static longltudinal stebility. At 0.85 Mach number and 0.1 1ift
coefficient the static longitudinal stability is approximately 50
percent zreater than the low-speed value. A reglon of static
instability occurring at 1lift ccefficients greater than 0.60
between Mach numwbers of 0.70 and 0.775 may cause control Aifficulties
which would be dlsconcerting to a pilot when maneuvering at high
sapeeds. With the tail removed, there is a gradual decrease in the
static longitudinal instability unt:l a Mach number of 0.825 is
reached. At 0.85 Mach number a reversal in the static longitudinal
instability occurs between 1ift coefficients of —0.2 and 0.1. In s
general, the aerodynamic characteristics of the model at high speeds
present longitudinal—control problems gimilar to those discussed 'n
reference k.



NACA RM No. ATA29 9

Longitudinal Control

an
The effectiveness of the elevators -( dSGﬂ to produce changes
&

in trim at low speed is 0.0133 as chown in filgure 13 and this wvalue
decreases only slightly at the higher Mach numbers. The elevator

effectivensess —(%’;ﬁm is not appreciably affected by deflecting
g

the wing or fuselage dive—recovery flaps. The stabilizer effective—

ness — ﬁgf) which is approximately 0.027 at 0.30 Mach number, as
shown by figure 1%, is still increasing at 0.85 Mach nunber. Figure
15 presents the elevator hinge-moment coefficlients. No large
chenges in dCpLe/dSe occur with increasing Mach number. The rate
of change of hinge-moment coefficlent with increasing 11ft coeffi-
cient or angle of attack is small Iin absoclute magnitude and

changes Trom a nega-ive to a positive value at Mach numbers sbove
0.75. Figure 16 shows that Mach mumber hes only a slight effect

in decreasing the elevator tab effectiveness — (d./_\.Che/dﬁt).

Calculated stick forces required during the pull-ups are
showvn in figure 17 for three altlitudes. The stick-force calcu~
lations were made on the assumption that no tebs, springs, or boost
are connected in the control linkage and that the control system is
mesg-balanced. The effect of the tail dampling moment due to curvi-—
linear flight is considered. Unless cotherwise noted, a wing loading
of 50 pounds per square foot is assumed Ffor all cslculations, and
the center of gravity ls assumed o be on the fuselege reforence
line above the 25-—percent polnt of the mesn asrodynemic chord. The
sirplene is assumed to be trimmed at 450 miles per hour at 20,000
feet altitude., Figure 18 indicates that tho airplane will be stable
with the stick free at sea level for Mach numbers below 0.71 and ab
40,000 feet for Mach numbers below 0.68. The sirplane appears to
have gtick—-fixed stablllty at sea level foir Mach numbers below 0.53
and at 40,000 feet for Mach numbers below 0.T72. The rapid increase
in stick force at 0.8 Mach mmmber is primarily caused by the increase
In static longitudinsl stability and the decrease in the pltching
moment as shown by the curves of figure 6. A comparison of the
elevator angle required for level flight is made In figure 19
between Flight~test measurcments (preliminary Flight—test data with
subsequent refinements in analysis) and wind—tunnel calculations.
The flight—test measurements and the wind—tunnel calculations are
nade for a wing loading of 45 pounds per squere foot with the center
of gravity at 28 percent of the mean aerodynamic chord at an
gltitude of approxirmtely 20,000 feet. The varlation with Mach
number is similar for the two cases. A smaller up—elevabor angle
is indicated by the wind—tummel data at all Mach mmbers. A broak
in the flight-test curve at 0.74 Mach number also ie indicated in



10 NACA RM No. A7A29

the wind—tunnel curve at approximately the same Mach number. This
irregularity ‘s caused by & small increase in static longitudinal
gstabllity at this Mach number, as shown by the pitching-moment
curves of figure 6. The agreement between the flight and wind—
tunnel data is rezsonable inasmuch as the elevator angles required
are gensitive to irrepularities in the manufacture and alinement
of either the model or alrplane.

The effect of changes in center-cf-gravity locatlon on the stick
forces required during pull-ups at 20,000 feet is shown in figure 20
and the effect of these changes on the stick-force gradient le shown
in figure 21. Changing the center of zravity from 25 to 30 porcont
of the moan aerodynamic chord reduces the stick—force gradient fram
9 to 4 pounds per g at 0.75 Mach number and 20,000 feet altitude.

An incresse !n atick—force gradient occurs at 0.75 Mach number for
all center—of-—gravity positions presented. The center—of—gravity
position at which the static longltudinal stsbllity Is predicted to
be neutral —-EEEL- = 0, the neutral point with the stick fixed,
is also presented in figure 21. Increasing the Mach number changes
the neutral point with the stick fixed from approximatoly 31 por—
cent of the mean asrodynamic chord at Mach numbers below 0.55 to 36
porcent of the mean aerodynemic chord at a Mach number of 0.85.

From the longitudinal control data presented, 1t appoars that
the YP-B80A airplane should have no difficulty with longitudinal
control when recovering from a high-epeed dive up to at least O, 85
Mach number, the limit of the test. .

Wing Pressure Distribution

Measuroments of pressure distribution, as presented in figure 22,
were obtalned at a wing station 26.00 inches fram the centur lino
of the model along the wing spsn. The effect of changing the atti-—
tude of the model for seversl Mach numbers is shown in figure 22,
while the effoct of changing tho Mach numbor for two 1lift coeffi-
clents is shown in-figuro 23. For a cadetant 1ift coefficlent,
thore 18 only a slight ghift in the lozation of the peak prossure
on tho uppor surface with increasing Mach number, but the poak
pressurc moves aft on the lower surfaco. Seperation of thu flow
bocomes more sovere on both surfacos as the Mach numbor incroescs
abovo 0.8. . -

Figure 24 shows tho varistion of max‘mum pressurs coofficiont
for both the uppor and lowWer wing surfacoes for throo 1ift cooffi- -
cionte. At zoro 1ift, the critical Mach numbor (Mc.) is approxi-— .
mately 0.70, which ls approximately 0.06 lose than the Mach numbor
of drag divergence as indicated b; forco—test data.

4
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Dive-Recovery Flaps

The wing dive—recovery flaps are effective for producing a
climbing moment, as indicated by figure 25. Their effectiveness
is maximm at a Mach number of epproximately 0.75 and rapidly
decreases at Mach numbers sbove 0.80. The date *ndicate that the
effectivensss may become negligible at a Mach number slightly
greater than 0.85. Figure 26 showe that with the tall removed the
Increment of pitching moment becomes negative at approximately 0.Th
Mach number with a L5C flap deflection. With the airplans in flight
at high Mach mmbers, this negative pitching-moment increment is
balanced by a large download on the tail. Fgure 27 presenta data
showing the effect of flap location along the chord on the effect—
iveness of dlve-recovery flaps for producing a climbing moment. It
appears that for the YP-80A airplane the optimum location for
producing a clinbing moment 1s at approximately 35 percent of the
chord. However, this position alsc produces large diving moments
at high Mach numbers with the tall removed, as shown in figure 28.

. The dreg increment from deflecting the wing dlve—recovery
Plaps ls presented in filgure 29. At the higher Mach numbers, this
increment increases at a faster rate with increasing Mach number
than at lower speeds because of the increased separation on the
upper surface of the wing, as lndicated by figure 30.

The effect of wing dive—recovery flaps on the wing pressure
distribution is shown in figure 30. At low Mach numbers there is
little change irn the upper—surface pressure distribution, but the
flaps alter the lower—surface pressure distribution to produce the
clinbing moment shown in figure 26. ‘At & Mach number of approxi-
mately 0.75 a combination of rearward shock movement and increasing
separation on the upper surface produces a diving moment which
overbalances the c¢limbing moment resulting from the lower—surface
pregsure distribution.

The fuselage dive-recovery flaps produce climbing momente 1If
large flap deflections are used, as shown in figure 31. With flap
deflections of LOC or less there ims relatively little effect. Their
effectiveness is maintained at a Mach mwber of .80 with no indi—
cation of decreasings effectliveness. - Figure 32 shows that, .with the
tail removed, the flaps maintaln thelr effectivenecas for producing
climbing moments to a Mach number of 0.30. The flaps are also a
powerful device for increaslng the drag, as shown by figure 33.

An 800 flap deflection.at zero 1lift producea 100 percent or more
increase in drag coefficient at all Mach numbers.

Figure 34 shows 1ift coefflcients for trim, stick free, when
the wing or fuselage dive—recovery flaps are deflected, and the 1lift
coefficlent required for level f£light at geveral sltltudes. W:i:.th-a.
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30° deflection of the wing dive-recovery flaps and the trim tebs seb
at 0%, an indicated acceleration of 4g would be cbtained at 0.80
Mach mmfber and 10,000 fect altitude. For the same Mach number

and altitude, an 80° defloction of the fuselage dive—recovery flaps
would produce an indicated acceleratlon of 5g.

CONCLUSIONS

The test resulis indicate the following:

1. The drag and maximum 1ift coefficient of the YP-80A model
as measured at high speed in the Ames 16~foot high—epeed wind tunnol
are in good agreement with flight—test data for the YP-80A airplane.

2. Although a diving tendency will be reached at approximately
0.77 Mach number, the YR-80A airplane 1s controllable in pitch by
the elevators to a Mach mumber of at least 0.85.

3. The YR-80A airplane will have a stable variation of stick
force with apeed below a Mach number of G.71 at sea level and below
0.68 Mach number at 40,000 féet altitude whon trimmed at 450 miles
peor hour and 20,000 feet altitude. The variation of elevator angle
Por trim with speed. indicates stabllity below a Mach number of 0.53
at sea level and below a Mach number of 0.72 at 40,000 feet.

k. The fuselage dive—recovery flaps are effective for recovery
from dives to a Mach mumber of at least 0.8. The speed of a dive
will be noticeably reduced by the large increment of drag from the
flaps.

5. The wing dive—recovery flaps are rwoat effective for dive
recovery at a Mach mumber of 0.75, but the effectiveness docreases
at higher Mach numbers. The optimmum location of thome flaps for
producing climbing momonte when mounted on the YP-80A is at 35
percent of the chord.

6. It appears from an extrapolation of the data that, for the
YP-80A airplane, the wing dive-recovery flaps may losc their
effectiveness at a Mach number at which the elevators are still
effective for controlling the alrplane.

Ameg Aeronsutlcal Laboratory,
National Advisory Committee for Aerenautics,
Moffett Field, Callf. oo
Fa ' o
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FIGURE LEGENDS

Flgure 1.~ A three-wview drawing of the -YP—BQA ailrplane.

Firure 2.— The Reynolds num'ber for the YF-80A airplane in‘flight and
for the 1/7—scale model in the Ames 16-foot high-speed wind tunnel.

Figure 3.— The l/ 3-scale model of the YR-80A airpla_ne mounted on the
four-strut support system. (a) Front view. (b) Rear view.

Figurc U.— The wing esnd-fuselage divo-recover; flaps mounted on
the 1/3-scale model of the YP-8QA. airplane. (a) Wing flaps.
(b) Fusoelage flaps.

P:gure 5.~ Variat* of 1ifL coofficieont with drag coafficlent
for the complato .1/3-scale model of the YP-80A airplene.

Figure 6.— Variation of 1lift coefficiont wi‘h a_ngle of atvack and
ploching-moment coeffleient with Iift cgofficlent for the com—
rlete, 1/3~scale model of the YF-80A airplane.

F_.‘ﬁure 7.— Variation of 1lift coefflc¢ient with angle of attack and
pltching—moment coeff;.cient with 1ifc cogfficient for the 1/3—
scale model of the YP~EOA airplano less the tail.

Figure 8.— The Vvariation'of drag coefficient with Mach munber for
the complete 1/3-scalo model of the YP-8CA airplane,

Pigure 9.— A comparison of the drag coefficiont for the YE-80A
alirplasie and the completeo l/ —scale modol of tho YP-80CA with
accessories abt the flight test 1IFft coefficiont.

Figure 10.- Varietion of 1lift coefficient with Mach numbcr for tho
complete l/3-sca.le model of the YP-8CA airplane and a comparison
of flight and wind-tunnel maximum 1ift coofficient data.

Figure 1l.— Variation of tho lift-curve slopo and tho anglo of zors
1lift with Mach number for the complete l/;.-—scalo modcl of tho
TP-80A airplanc.

Figurc 12.— Variation of pltching-momont cocfficient with Mach numbor
for the 1/3-acale modol of tho YP-80A airplane.

Figure 13.~ BElovabor oeffuctivencss for tho camplote l/3—ecalo modol
of tho YP~80A airplane. Tab angle, O°.
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Figure 1b.— Stabilizor cffectivencss for tho completo 1/3-scale
model of tho YP-80A airpleno. ZElevator engle, 0°.

Figurc 15.-—- Variation of alovator hings-momont coefficient with
elovator angle for thc cqmplete 1/3-stalc modol of the YR-304
airplanc. Tab angle, 0.

Figure 16.— Elevator tab effectiveness for tho complote l/ 3-scale
model of the YF-80A airplans. f{a) Elovator angle, 0°.

Figure 16.— Concliwded. (b} Elovator angle, —5°.

Figuro 17.— Celculated gtick forces during pull-upe for the YP-80A
airplane at three altitudes. Airplano trimmed at 450 miles por
hour at 20,000 feet gltitude.

FPigure 18.~ Celculated stick force and elevator anglo rogquired for
level flight for the YP-80A airplone trirmed at h‘jo miloes per
hour at 20,000 feet altltudc.

Figure 19.— A comperison of the elevator angle required for levsel
flight for the YF-80A sirplanc and tho complote 1/3-scale mndel
of the YP-80A.

Figurc 20.~— Calculatod stick forces during pull-ups for the YP-80A
alrplanc for three contor-of-gravity positions. AZrplane trimmod
ot 450 miles per hour at 20,000 fooct altitudo.

Figure 21.— Variation of neutral po:lnt and stick force gradient for
the YP-80A airplane.

Figure 22.-- Pressure distribution over the wing of the comploto 1/3
scale model of the YP-8QA sirplanc. Wing station, 26.00 inchos.
() Mach nwsber_ 0.3

Figure 22.— Comtinued. (b} Mach number, 0.5.

Figure 22.— Continued. (c)} Mach number, 0.5.

Figurs 22.— Contimued. (d) Mach numbsr, 0.7.

Figurc 22.— Continueod. (e} Mach number, 0.75

Figure 22.— Continued. (f} Mach nuymbexr, 0.8.

Figure 22.— Continued. (g) Mach number, 0.825.
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Figure 22.— Concluded. (h) Mach number, 0.85.

Figure 23.—~ Tho effecti of Mach nurbor or the pressure distributlion
over the wing of the complete l/ 3-scelo model of the YP-80A
airplano. (a) Lift coefficient, O.

Figuro 23.— Concluded. (b} Lift coefficiont, 0.2.

Figurc 2k.— Tho variation of max*mum prossure coefficient with Mach
number for the camplete 1/3-scalo model of the YP-80A airplanc.
Wing station, 26.00 inches.

Figure 25.- The incremont of pitching-momont coafficient fram the
wing dive—rocaovery flapsg for the completo l/ “—scalo modol of
the YF-80A airplane. Flap position, 35 percont of tho M.A.C.

Plgure 26.— The incremont of pitching-momont coofficicnt from the
wing dive-rocovory flaps for tho .l/ 3-s8cale modol of tho TE-80A
airplens lesa the tall. Flap position. 35 porccnt of the M.A.C.

TMguroe 27.— Tha effect of flap location on the Increment of
pitching—moment cqefficlent fram the wing dive—rocovory {lapa
for the completo l/ 2—scale modél of tho YP-30A eirplanc. Flap
engle, h5°,

TFigure 28.— The offoct of flap location on the incremcnt of pitchin-—

moment coefficient from tho wing dive—recovory flaps for tho
complete 1/3-scale model of the YP-8CA airplane loss the tail.
Flap angle, 45°.

Figure 29.— The Iincrcment of drag coefficiont from the wing divo—
recovory Tlaps for the complete 1/3~e~alo model of thc YP-80A
alrplanc.

Figure 30.— The offwuct of wing dlve—rocovery flaps on the prossurc
distributlion over the wing of the complcte 1/ s~scalc modol of
the YP-80A airplane. Wing staticon, 26.00 inchos; ay,4”.

Figure 31.— The incromont of pliching-moment coufficlont fram tho
fusclage dfvo-—-recovory flaps for tho complote 1/3—-scalo modol
of the YP-B0OA airplanoc.

Figuro 32.— The incremont of piitching-monmont coofficiont from the
fusolago dive-recovary flaps for tho l/ 3~scalo modol of tho
YP-80A airplano loss the tail.
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Figure 33.— The increment of drag coefficlient from the fuselago
divo-recovery flaps for tho compleio l/ 3—scals modoul of the
YP-80A airplanec.

FTigure 34.~ Calculated 1ift coefficient for trim, stick frce,
with the dive—recovery flaps and the 1ift ccefficiont
required for level flight for the YP-BOA airplane.
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FIBURE .- THREE-VIEW DRAWING OF THE YP-80A A/RPLANE
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(b) Fuselage Flaps.

Figure 4.— The wing aend fuselage dlve—recovery flaps mounted on the
1/3— scale model of the YP-80A airplane.

NATIONAL ADVISORY COMMITTEIE FOR AERONAUTICR
AMES AERONAUTICAL LABORATORY — MOFFETT FIELD, CALIF.
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